Generalized Lagrangian of N = 1 supergravity and its canonical
  constraints with the real Ashtekar variable by Tsuda, Motomu
ar
X
iv
:g
r-q
c/
99
06
05
7v
1 
 1
6 
Ju
n 
19
99
Generalized Lagrangian of N = 1 supergravity
and
its canonical constraints with the real Ashtekar variable
Motomu Tsuda ∗
Physics Department, Saitama University
Urawa, Saitama 338, Japan
Abstract
We generalize the Lagrangian of N = 1 supergravity (SUGRA) by
using an arbitrary parameter ξ, which corresponds to the inverse of Bar-
bero’s parameter β. This generalized Lagrangian involves the chiral one
as a special case of the value ξ = ±i. We show that the generalized
Lagrangian gives the canonical formulation of N = 1 SUGRA with the
real Ashtekar variable after the 3+1 decomposition of spacetime. This
canonical formulation is also derived from those of the usual N = 1
SUGRA by performing Barbero’s type canonical transformation with an
arbitrary parameter β (= ξ−1). We give some comments on the canonical
formulation of the theory.
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1
A very simple, polynomial form of Hamiltonian constraint in canonical formu-
lation of general relativity is obtained by using the complex Ashtekar’s connection
variable [1]. However, it is difficult to deal with the reality condition especially at
quantum level, which must be imposed in order to select the physical, Lorentzian
theory [2]. A possible way to solve this problem of the reality condition was pro-
posed by Barbero [3] using the real-valued Ashtekar variable, although one must
discard the polynomiality of the Hamiltonian constraint in the Lorentzian sector.
The advantage of the formulation with the real Ashtekar variable in pure gravity
is that it provides a mathematically rigorous kinematical framework in the context
of diffeomorphism invariant quantization with the Gauss and vector constraints be-
ing satisfied [4]. Furthermore, Thiemann has recently succeeded in constructing a
quantum Hamiltonian constraint operator which is mathematically well-defined in
the Lorentzian sector [5].
Canonical formulation of general relativity with the real Ashtekar variable has
been made starting from the generalized Einstein-Cartan (EC) action [6]. 1 In
this paper we extend the action to include spinor matter fields, and then derive
the canonical formulation of N = 1 supergravity (SUGRA) with the real Ashtekar
variable.
We begin with briefly reviewing the generalization of the EC Lagrangian [6].
We denote the tetrad field as eiµ, from which the metric field gµν is constructed via
gµν = ηije
i
µe
j
ν .
2 The Lorentz connection Aijµ is treated as independent variable
in the EC Lagrangian. Then the generalized EC Lagrangian density, which derives
1 In Ref.[6] this generalized action is called the generalized Hilbert-Palatini action, which cor-
responds to the generalization of the tetrad form of the Palatini action.
2 Greek letters µ, ν, · · · are spacetime indices, and Latin letters i, j, · · · are local Lorentz indices.
We denote the Minkowski metric by ηij = diag(−1,+1,+1,+1). The totally antisymmetric tensor
ǫijkl is normalized as ǫ0123 = +1. We define ǫµνρσ and ǫ
µνρσ as tensor densities which take values
of +1 or −1.
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Barbero’s results using the real Ashtekar variable, takes the form
LG =
e
2
eµi e
ν
j
(
Rijµν −
ξ
2
ǫijklR
kl
µν
)
, (1)
where e = det(eiµ) and R
ij
µν is the curvature tensor with respect to the Lorentz
connection Aijµ. Here a complex parameter ξ is introduced in (1) in order to cover
various types of the canonical formulation of general relativity: 3 Indeed, for ξ = 0,
Eq.(1) is simply the EC Lagrangian which leads to the ADM canonical formulation.
For ξ = +i (−i), only the self-dual (antiself-dual) part of the curvature contributes
to the Lagrangian density (1). 4 In this case the complex (anti)self-dual connection
A
(±)
ijµ is regarded as an independent variable and then Eq.(1) leads to Ashtekar’s
canonical formulation after the 3+1 decomposition of spacetime. On the other hand,
the canonical formulation using the real Ashtekar variable is derived by putting ξ
to be real. 5
Such a generalization of the EC Lagrangian as given by (1) does not affect the
field equation for the tetrad in the second-order formalism [6]. In order to see this,
it is convenient to introduce the variable
Bijµ :=
1
2
(
Aijµ −
ξ
2
ǫij
klAklµ
)
, (2)
which reduces to A
(±)
ijµ for ξ = ±i. Note that (2) can be solved with respect to Aijµ
unless ξ = ±i. Since the variation of (1) with respect to Aijµ can be written as
δLG = −2 Dµ(e e
µ
i e
ν
j ) δB
ij
ν , (3)
3 The parameter ξ is same as the parameter α of [6] and corresponds to the inverse of Barbero’s
parameter β as stated in [6].
4 We denote the self-dual and antiself-dual part of a antisymmetric tensor Fij as F
(±)
ij which
satisfies (1/2)ǫij
klF
(±)
kl = ±iF
(±)
ij .
5 Immirzi pointed out [7] that the Barbero’s parameter β (= ξ−1) appears as a free (real)
parameter in the quantum spectrum of such geometrical quantities as length, area and volume.
Therefore the parameter β is also known as the Immirzi parameter.
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we get the field equation for Aijµ,
6
Dµ(e e
µ
[i e
ν
j]) = 0 (4)
with Dµ being the covariant derivative with respect to local Lorentz indices. The
equation (4) is the same as that obtained from the EC Lagrangian, and can be
solved to show that the Aijµ is given by the Ricci rotation coefficient Aijµ(e). Thus,
in the second-order formalism, the second term in (1) vanishes because of the Bianchi
identity. This situation is just the same as in the case ξ = ±i [8], and therefore (1)
is reduced to the ordinary Hilbert-Einstein Lagrangian of the tetrad form.
Let us now try to introduce a (Majorana) Rarita-Schwinger field in the manner
consistent with the above generalization of the EC Lagrangian. For this purpose,
following the construction of the chiral Lagrangian of matter fields [9], we add a
total divergence term with an arbitrary complex parameter η to the ordinary La-
grangian of a (Majorana) Rarita-Schwinger field in flat space, and take the flat-space
Lagrangian as
LRS = LRS(ordinary) +
i
4
η ∂µ(ǫ
µνρσψνγρψσ) = ǫ
µνρσ ψµγ5γρ
1− iηγ5
2
∂σψν . (5)
Then we apply the minimal prescription for (5) replacing the ordinary derivative by
the covariant derivative 7
Dµ = ∂µ +
i
2
AijµS
ij , (6)
and define the generalized Lagrangian density of a (Majorana) Rarita-Schwinger
field in curved space by
LRS = ǫ
µνρσψµγ5γρ
1− iηγ5
2
Dσψν . (7)
6 The antisymmetrization of a tensor with respect to i and j is denoted byA[i...j] := (1/2)(Ai...j−
Aj...i).
7In our convention the Lorentz generator Sij = (i/4)[γi, γj ] and {γi, γj} = −2ηij.
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Notice that the right-hand side of (7) agrees with the chiral Lagrangian density of
a (Majorana) Rarita-Schwinger field when η = ±i.
We define the Lagrangian density L by the sum of (1) and (7),
L := LG + LRS, (8)
and we require the L to reduce to the Lagrangian density of the usual N = 1 SUGRA
in the second-order formalism. Varying the L with respect to Bijµ, we obtain
Dµ(e e
µ
[i e
ν
j]) =
1 + ξ η
1 + ξ2
X ij
ν +
ξ − η
2(1 + ξ2)
ǫij
klXkl
ν , (9)
where X ij
µ is a tensor density defined by
X ij
µ :=
1
1 + η2
(
δLRS
δAijµ
+
η
2
ǫij
kl δLRS
δAklµ
)
=
i
4
ǫµνρσ ψνγ5γρSijψσ. (10)
If we substitute the solution of (9) with respect to Aijµ into L, then its torsion part
gives four-fermion contact terms, which coincide with the contact terms of the usual
N = 1 SUGRA if we choose η = ξ: In fact, we obtain 8
L(second order) = LN=1 usual SUGRA(second order) +
i
4
ξ ∂µ(ǫ
µνρσψνγρψσ) (11)
by means of the (Fierz) identity ǫµνρσ(ψµγiψν)γ
iψρ ≡ 0. On the other hand, if η 6= ξ,
these parameters survive in the contact terms as is seen from (9). Thus we shall
assume that η = ξ henceforth.
8The divergence term of (11) is just the Chern-Simons type boundary term, which generates
the chiral SUGRA ‘on shell’ for ξ = ±i [10, 11].
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The generalized Lagrangian density of N = 1 SUGRA in first-order form is now
given by
L =
e
2
eµi e
ν
j
(
Rijµν −
ξ
2
ǫijklR
kl
µν
)
+ ǫµνρσ ψµγ5γρ
1− iξγ5
2
Dσψν , (12)
which is reduced to the Lagrangian density of N = 1 chiral SUGRA for ξ = ±i. In
case of the non-chiral theory with ξ 6= ±i, the Lagrangian density of (12) is invariant
under the following first-order (i.e. ‘off-shell’) SUSY transformations generated by
a Majorana spinor parameter α; namely,
δψµ = Dµα, (13)
δeiµ =
i
2
α γiψµ, (14)
δBijµ =
1
2
(Cµij − eµ[iC
m
mj]), (15)
where we define Cλµν as
Cλµν := e−1ǫµνρσα γ5γ
λ1− iξγ5
2
Dρψσ. (16)
The transformations of (13) and (14) are the same as those of the usual N = 1
SUGRA, whereas Eq.(15) differs from the usual one, since Cλµν depends on the
parameter ξ. The form of (15), however, is easily read from the usual one if we note
the relation
1− iξγ5
2
AijµS
ij = BijµS
ij (17)
in the covariant derivative Dσψν of (12). In case of the chiral theory, however,
the situation is slightly different: For example, when ξ = +i, Eq.(15) becomes the
transformation of A
(+)
ijµ , i.e. δBijµ |ξ=+i= δA
(+)
ijµ , while A
(−)
ijµ which appears in (13) is
not an independent variable but a quantity given by eiµ and ψµ [12, 13].
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The generalized Lagrangian (12) allows us to construct a canonical formulation
of N = 1 SUGRA in terms of the real Ashtekar variable. Let us derive this by means
of the Legendre transform of (12) using the (3+1) decomposition of spacetime. For
this purpose we assume that the topology of spacetime M is Σ×R for some three-
manifold Σ so that a time coordinate function t is defined on M . Then the time
component of the tetrad can be defined as 9
eit = Nn
i +Naeia. (18)
Here ni is the timelike unit vector orthogonal to eia, i.e. n
ieia = 0 and n
ini =
−1, while N and Na denote the lapse function and the shift vector, respectively.
Furthermore, we give a restriction on the tetrad with the choice ni = (−1, 0, 0, 0)
in order to simplify the Legendre transform of (12). Once this choice is made, eIa
becomes tangent to the constant t surfaces Σ and e0a = 0. Therefore we change
the notation eIa to EIa below. We also take the spatial restriction of the totally
antisymmetric tensor ǫµνρσ as ǫabc := ǫt
abc, while ǫIJK := ǫ0
IJK .
Under the above gauge condition of the tetrad, the (3+1) decomposition of (12)
yields
L = ǫabcǫIJKE
I
a(E
J
b Rˆ
0K
tc −N
dEJd Rˆ
0K
bc +
N
2
RˆJKbc)
− ǫabc(ψbγ5γcDˆtψa − ψaγ5γtDˆbψc
+ ψtγ5γaDˆbψc − ψbγ5γcDˆaψt) (19)
with γt = e
i
tγi = Nγ0 +N
aγa and γa = E
I
aγI . In (19), Dˆµ is defined by
Dˆµ :=
1− iξγ5
2
Dµ, (20)
9Latin letters a, b, · · · are the spatial part of the spacetime indices µ, ν, · · ·, and capital letters
I, J, · · · denote the spatial part of the local Lorentz indices i, j, · · ·.
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and also the quantity, Rˆijµν := (1/2){R
ij
µν − (ξ/2)ǫ
ij
klR
kl
µν}, is decomposed as
Rˆ0Ktc = ∂[tA
0K
c] + A
0
L[tA
LK
c] +
ξ
2
ǫIJK(∂[tAIJc]
+ AI0[tA
0
Jc] + AIM [tA
M
Jc]), (21)
Rˆ0Kbc = ∂[bA
0K
c] + A
0
L[bA
LK
c] +
ξ
2
ǫIJK(∂[bAIJc]
+ AI0[bA
0
Jc] + AIM [bA
M
Jc]), (22)
RˆJKbc = ∂[bA
JK
c] + A
J
0[bA
0K
c] + A
J
I[bA
IK
c]
+ ξǫIJK(∂[bA0Ic] + A0M [bA
M
Ic]). (23)
The time derivative of the connection appears only in (21) and has the form of
∂t{A0
K
c − (ξ/2)ǫ
IJKAIJc} [6]. Thus it is convenient to introduce the following
variables
−BIa := A0
I
a −
ξ
2
ǫIJKAJKa, (24)
+BIa := A0
I
a +
ξ
2
ǫIJKAJKa, (25)
the inverses of which are given by
A0Ia =
1
2
(−BIa +
+BIa), (26)
AIJa = −
1
2ξ
ǫIJK(
−BKa −
+BKa). (27)
Using (26) and (27), the covariant derivative Dˆa of (20) and the decomposition of
the curvature, (21)-(23), are written in terms of −BIa and
+BIa as
Dˆa =
1− iξγ5
2
{
∂a + ξ
−1
(
1− iξγ5
2
−BIa −
1 + iξγ5
2
+BIa
)
γ5S0I
}
, (28)
and
Rˆ0Ktc = −
1
2
∂t
−BKc +
1
2
∂c
(
A0
K
t −
ξ
2
ǫIJKAIJt
)
8
+ ǫIJKA0It
(
ξ2 − 1
4ξ
−BJc +
ξ2 + 1
4ξ
+BJc
)
−
1
2
AKIt
−BIc, (29)
Rˆ0Kbc = −∂[b
−BKc] +
ξ2 − 3
8ξ
ǫIJK−BI[b
−BJc] +
ξ2 + 1
4ξ
ǫIJK−BI[b
+BJc]
+
ξ2 + 1
8ξ
ǫIJK+BI[b
+BJc], (30)
RˆJKbc = ǫ
IJK∂[b
(
ξ2 − 1
2ξ
−BIc] +
ξ2 + 1
2ξ
+BIc]
)
+
3ξ2 − 1
4ξ2
−BJ [b
−BKc]
+
ξ2 + 1
2ξ2
−B[J [b
+BK]c] −
ξ2 + 1
4ξ2
+BJ [b
+BKc]. (31)
Then we see from (29) that −BIa is the dynamical variable, and that the kinetic
terms in (19) are given by
− E˜aI ∂t
−BIa − ǫ
abc ψbγ5γc
1− iξγ5
2
∂tψa, (32)
where we have used the identity
E˜aI := EE
a
I =
1
2
ǫabcǫIJKE
J
b E
K
c (33)
with E being defined by E = det(EIa). On the other hand, the nondynamical
variables in (19) are A0It, AIJt and
+BIa in addition to the lapse function N and
the shift vector Na.
For N = 1 chiral SUGRA with ξ = ±i, the variable +BIa does not appear in
(28)-(31), and (1−iξγ5)/2 in (28) becomes (1±γ5)/2 which generates only the right-
or left-handed spinor field. The dynamical variable −BIa becomes the Ashtekar’s
one, i.e. −BIa |ξ=±i=
AshAIa.
In case of the non-chiral theory with ξ 6= ±i, the constraint corresponding to
the nondynamical variable +BIa appears in addition to the constraints obtained by
9
varying L with respect to A0It, AIJt; namely,
+P I
a :=
δL
δ+BIa
= 0, (34)
P It :=
δL
δA0It
= 0, (35)
P IJt :=
δL
δAIJt
= 0. (36)
The spatial restriction of the Lorentz connection, AIJa, is determined from only
these three constraints: In order to show this, we notice that AIJa is identically
expressed as
AIJa = AIJa(E, ψ) +
EKa
e
(MIJK − 2MK[IJ ] + 2δK[IMJ ]), (37)
where we define
M ij
ν :=
δL
δBijν
, (38)
and
MIJK := E
a
KMIJa, MI := e
j
νM Ij
ν . (39)
In (37) AIJa(E, ψ) denotes
AIJa(E, ψ) := AIJa(E) + κIJa (40)
with AIJa(E) being the spatial restriction of the Ricci rotation coefficients Aijµ(e),
while κIJa being defined as
κIJa :=
i
4
(EbIE
c
JE
K
a ψbγKψc + E
b
IψbγJψa −E
b
JψbγIψa), (41)
which leads to
κI[ba] := E
J
[bκIJa] = −
i
4
ψbγIψa. (42)
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If we compare (38) with Eqs.(34)-(36), we can show
MIJK =
ξ
ξ2 + 1
EKa ǫ
IJM+PM
a, (43)
MI = −
N
ξ2 + 1
(
P I
t −
ξ
2
ǫIJKP
JKt
)
+
1
ξ2 + 1
NaEJa
(
P IJ
t + ξǫIJKPK
t
)
+
ξ
ξ2 + 1
EJa ǫIJK
+PKa. (44)
Thus the constraints give
AIJa = AIJa(E, ψ). (45)
By virtue of (24) and (25), the nondynamical variable +BIa is now expressed by
using the dynamical variables as
+BIa =
−BIa + ξǫ
IJKAJKa(E, ψ)
= −BIa − 2ξΓ
I
a, (46)
where the SO(3) spin connection, ΓIa, is given by
ΓIa := −
1
2
ǫIJKAJKa(E, ψ)
=
◦
Γ
I
a(E)−
i
8
ǫIJK
(
EbJE
c
K ψbγaψc + 2E
b
J ψbγKψa
)
(47)
with the spatial Levi-Civita spin connection
◦
Γ Ia(E) = (−1/2)ǫ
IJKEJb∇aE
b
K .
We shall now eliminate the nondynamical variable +BIa from the Lagrangian
density L of (19). The coefficients of A0It and AIJt, which are denoted by P
It and
P IJt, respectively, are given by
P It = − ∂aE˜
Ia + ǫIJK
(
ξ2 − 1
2ξ
−BJa +
ξ2 + 1
2ξ
+BJa
)
E˜aK
+ iǫabc ψbγ5γcS0
I 1− iξγ5
2
ψa, (48)
P IJt =
ξ
2
ǫIJK(∂aE˜
a
K + ξ
−1ǫKMN
−BMaE˜
Na − ξ−1ǫabc ψbγcS0K
1− iξγ5
2
ψa), (49)
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and therefore they satisfy P I
t = ξ ǫIJKP
IJt by virtue of (46). Then we obtain
A0ItP
It + AIJtP
IJt = ξΛI
(
−DaE˜
a
I − ξ
−1ǫabc ψbγcS0I
1− iξγ5
2
ψa
)
, (50)
where ΛI is defined by ΛI := ξA0It+ (1/2)ǫIJKA
JK
t, and the covariant derivative is
denoted as
−DaE˜
a
I := ∂aE˜
a
I + ξ
−1ǫIJK
−BJ aE˜
Ka. (51)
As for the coefficients of N , Na and ψt, they are obtained by the straightforward
calculation.
Consequently, the Lagrangian density L is written as
L = − E˜aI
−B˙Ia − ǫ
abc ψbγ5γc
1− iξγ5
2
ψ˙a
+ ξΛIGI +N
aVa +NH + ψtS (52)
up to boundary terms. In (52), ΛI , Na, N and ψt are Lagrange multipliers, while
GI ,Va,H and S are the constraints corresponding to these Lagrange multipliers,
which read as follows:
GI :=
−DaE˜
a
I − ξ
−1ǫabc ψbγcS0I
1− iξγ5
2
ψa = 0, (53)
Va := 2E˜
IbFIab + ǫ
bcd ψbγ5γa
1− iξγ5
2
−Dcψd
+
i(1 + ξ2)
2ξ
ǫbcd ψbγ0ψc K[da] = 0, (54)
H := E−1ǫIJKE˜aI E˜
b
J {ξFKab − (1 + ξ
2)RKab}
+ ǫabc ψaγ5γ0
1− iξγ5
2
−Dbψc
+
i(1 + ξ2)
4ξ
ǫabc ψaγIψc K
I
b = 0, (55)
S := −ǫabcγ5γa
1− iξγ5
2
−Dbψc +
1− iξγ5
2
−Da(ǫ
abcγ5γbψc)
+
i(1 + ξ2)
2ξ
ǫabcγ0ψc Kba = 0 (56)
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with Kba being given by Kba = E
I
bKIa := E
I
bA0Ia. In Eqs.(54)-(56) the covariant
derivative −Da acts on ψb as
−Daψb := ∂aψb + ξ
−1−BIaγ5S0I ψb, (57)
and the curvature tensors are defined by
RIab := ∂[aΓIb] +
1
2
ǫIJKΓ
J
[aΓ
K
b], (58)
FIab := ∂[a
−BIb] +
1
2
ξ−1ǫIJK
−BJ [a
−BKb]. (59)
Note that in the vector constraint of (54) we have omitted a term proportional to
the Gauss constraint of (53).
We shall give some comments on the canonical formulation described by (52).
Firstly, let us give the relation of the dynamical variable −BIa to Barbero’s or
Ashtekar’s one. The dynamical variable −BIa is written as
−BIa = A0
I
a −
ξ
2
ǫIJKAJKa = K
I
a + ξΓ
I
a. (60)
This means that the canonical formulation based on the Lagrangian density (52)
is obtained from the usual N = 1 SUGRA by the canonical transformation (60).
Therefore the −BIa is related to Barbero’s dynamical variable,
BarAIa = Γ
I
a+βK
I
a,
which now includes the torsion part, by
−BIa = ξ
BarAIa with ξ = β
−1. (61)
For the chiral case with ξ = ±i, the dynamical variable −BIa becomes Ashtekar’s
one; namely,
−BIa |ξ=±i= K
I
a ± iΓ
I
a =
AshAI a. (62)
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Secondly, we focus our attention on those terms proportional to (1 + ξ2) in
Eqs.(54)-(56) which violate parity operation. As for those of (54) and (56), the
antisymmetric part of Kba is given by
K[ba] = E
I
[bκ0Ia] = −
i
4
ψbγ0ψa (63)
by virtue of the Gauss constraint (53). Then we can show that the terms propor-
tional to (1+ξ2) are canceled by other parity-violating terms in (54) and (56). As for
(55), on the other hand, if the Kba is given by the ‘on-shell’ expression (namely, that
in the second-order formalism) as a sum of the extrinsic curvature and quadratic
terms of ψa, then we can also show that four-fermion contact terms in the last term
of (55) are canceled by other parity-violating terms. In case of the chiral theory
with ξ = ±i, however, those terms proportional to (1 + ξ2) do not appear in the
constraints, which is one of the advantages in the Ashtekar formulation of N = 1
SUGRA.
The final comment is concerned with the dynamical variable ψa and its conjugate
momentum. From (52) the conjugate momentum of ψa is given by
πa :=
δL
δψ˙a
= −ǫabcψbγ5γc
1− iξγ5
2
. (64)
However, Eq.(64) leads to the second-class constraint
λa := πa + ǫabcψbγ5γc
1− iξγ5
2
= 0 (65)
unless ξ = ±i. Therefore, in case of the non-chiral theory, we must compute the
Dirac brackets among the basic field variables in order to eliminate λa as in the
usual N = 1 SUGRA [15, 16]. Moreover, if we try to make the Dirac bracket of
(−BIa, ψb), or of (
−BIa,
−BJ b) vanish, we will have to change the form of
−BIa.
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Recently, Thiemann has proposed the Lorentzian Hamiltonian constraint of spin-
1/2 fields, in which the fermions is treated as half-densities [17]. For spin-3/2 fields,
a similar approach is to take the weighted tetrad component, φI := E
1/2EaI ψa, as a
basic field variable [18]. As preliminaly, the canonical transformation
−
◦
B
I
a := K
I
a + ξ
◦
Γ
I
a(E) (66)
has been considered [19], where
◦
Γ Ia(E) is the spatial Levi-Civita spin connection
defined in (47). Contratry to the case of spin-1/2 fields, however, it has been found
that the form of −
◦
B Ia must be changed in order to make the Dirac bracket of
(−
◦
B Ia, ψb), or of (
−
◦
B Ia,
−
◦
B J b) vanish.
To summarize, in this paper we have generalized the Lagrangian of N = 1
SUGRA by using an arbitrary parameter ξ as the extension of the pure-gravity
case [6]. This generalized Lagrangian gives the canonical formulation with the real
Ashtekar variable after the 3+1 decomposition of spacetime. The constraints in this
formulation are also derived from those of the usual N = 1 SUGRA by performing
Barbero’s type canonical transformation with an arbitrary parameter β (= ξ−1). In
particular, for ξ = ±i, the formulation of this paper is equivalent with the chiral
one [12]. The detailed analysis for canonical quantization of N = 1 SUGRA with
the real Ashtekar variable needs future investigation.
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